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Summary
Five.everbearingsbrawberry(.Fゲαgα幅α× αnαnαssαDuch.)Gultivars,`Rabun-
da',`AppeleSrer',`Na七suakari',`Deco-Rouge,,and`MoriokaNo.26',weregrownat
day(6:00-18:0G)/night(18:00-6:00)temperaturesof30/25DC.Plan七swere
grownunderl3-,14-,15-,andI6-hrphoもoperiodsfor16weeks(`Na七suakari'and
`MoriokaNα26,)or24weeks(`Deco-Rouge').Inadditiontothesephotoperiods,
11-aIldl2-hrphotoperiodsweresetfor`Rabunda'and`Appelever',and`Rabun.da'
wasgrownunderthesθpho七〇periodsfor20weeksand`.Appelevθr'for24weeks.
UndersuGhahigh-temperaturecondi七ion,`Appelever'wasfoundtobeaquantita-
tivelong-daアplan七,while`NatSuakari',`Deco-Rouge',and`MoriokaNo.26'were
qualitativelong-dayplants.Inflorescenceproducもionin`Rubunda'waslow
thエoughoutthetreabmentunderal/photoperiods.After七hephotoperiodtreat-
Inent,plantsweredissectedunderamicroscopetoobservethepresenceoffiower
buds.Wefoundno且owerprimordiaiガRubunda'plantSundθrもhel6-hrand
shortθrphotoperiods,in`NatSuakari'planbSunder七he14-hrorshorterphoto-
periods,oriガDeGo-Rouge'or`MoriGkaNo.26'plantSunder七he13-hrphotOperiod.
Moreover,in`MoriokaNo。26',sevenoftenplanbShadnotinitia七edflowerprimor-
diaun,derthel4-hrphotoperiod,althoughtheo七hershadinitiatedfiowerbuds.
WθGoncludeもhaむthecritiealphotoperiodforflowerbudinibiationin`MoriokaNo.
26'mayexisもbetweenthe13-andI5-hrphotoperiod.Flowerbudinitiationin
`Appelever,wasnobinhibited
,soitScriticalphotr)periodmaybeshorterthanllhr.
TheeriticalphotOperiodfor且owerbudinitiationineverbearingstrawberrアplanbS
grownathightemperaturevariesamongGulもivars.
Keywords:everbearingstrawberry,hightemperature,reproduetivegrowth,vege-
tativegrowth
BasedonthetemperatureandphotoperiodicrequirementSforflowerbud
initiation,cultivatedstrawberry(Frαgα?iα× αnαnαssαDuch.>planbSarecatego-
rizedasJune-bearillg,everbearing,ordaア ーneutralcultivars.InJapan,mos七
strawberr)τcultivarsgrownforfruitproduc七ionareJune-bearing,single-eropping
七ype.June-bearingstrawberrycultivarsareclassifiedas曲orレdayplants.
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UnlikeJune--bearingstrawberr)7cultivars,everbearingstrawberr)Tcultivarsare
sui七ablefoエsummercropping,as七heycaninitiateflowerbudsandp'roducefruibS
eveninsummerundernaturalcondi七ions.Everbearingstrawberrycukivarsare
Glassifiedaslong-daアplants,andtheyproduce皿oreinflorescencesunderlonger
photoperiodsablessthan26-27。C(Durneretα1.,1984;Sφnsteb)randHeide,
2007a;Smeets,1980;Taimatsu,1993).InpreviousreportSwealsoindicated
th・t`Summ・b… ゾ,・n・v・・b…ing・t・awberry・ultiv・・,i aqu・ntit・tiv・1・ng-d・ア
plant,becausethecul七ivarproducedinfioresGenceconもinuouslyundereitheran
8-hrora24-hrphotoperiod,althoughmoreinfiorescenceswerepエoducedunder七he
24-hrphotoperiodthanunderthe8-hrphotoperioda七day(6:00-18:00)/nigh七
(18:00-6二〇〇〉 艶 皿peraturesof20/15℃and25/20℃.At30/25。C,however,
且owerbudini七iatiollandin且orescenGeproductionisinhibitedunderan8-hr
photoperio(iLalthoughi七isrel皿arkablypromotedundera24-hrphotoperiod.
Thisindicaもesthat`Summerberry'isaqualitativelong-dayplantunderhigh
temperature(Nishiyanユaetα1.,1998,1999).A.simi}arresultwasreportedrecent-
1)TbySφnstebyand且eide(2007b>.Cri七iGalphotoperiodisdefinedasthelongest
photoperiodatwhich七heplantwillflower,orbeyondwhichtheplantwillnot
且ower.Sowedec圭dedt`)usetheterm"cri七icalphotOperiod"toindicatethe
differencebetweenwhenfiowerbudinitiationisinhibitedorpエomoted.
Nishiyamaetα1.(2006)investigatedtheprecisecriticalphotoperiodforflower
budinitiationin`Summerberry'at30/25℃andfoundi七wasbetweenl3-and
14-hrs.0むhereverbearingstrawberrycultivarswerealsocultivatedunderhigh
telnpeエatureandvariousphotoperiods,andtheresultsconfirmedthateach
cu1七ivarhasacriticalphotoperiodandthatthecriticalphotoperiodvariesamong
cultivars(Nishiyamaetα1,,2009).Day-neutralstrawberrycul七ivars,whose
floweringhabitSarederivedfromRvirginiassp.glaucα(Wats.)Staudtandthat
produceinflorescenceconstantlyregaエdlessofphotOperiod(Du、nneretα1.,1984;
ManakasemandGoodwin,2001>,werealso七ested,andasi皿ilarresultlikethatfor
everbearingstrawberrycultivarswasobtained(Nishiyamaetal.,2007),
Flowerbudinitiationineverbearingstrawberrycultivarsundercultivation
wasreporもedtobeinhibitedunderhigh七emperature(OdaandYanagi1990;
Taimatsu,1993).Ontheotherhand,itwasalsoreportedthatflowerbudinitia-
tionwasstronglアprom.otedarLdaxillarアbudinitiationwasinhibitedunder
illumina七edcultivationinsummer(KonoandTsune皿atSu,1993,1994).Based
onourTesults,webelievethesecollflictingfindingscanbeexplainedasfollows:
anin、hibitionofflowerbudinsummeriscausedbyaco皿binatiollofhigh
temperatureandadaylengththa七isshorterthanthecriticalphotOperiod,anda
promotionoffiowerbudinitiationisGausedbyacombinationofhightemperature
andadaylengththatislongerthanthecriticalphotoperiod.
Asmentionedabove,thecriticalphotOperiodineverbearingstra"Tberry
culbivarsseemsanimportantfeatureinhotsummerGultivation,sowedecidedto
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investigatethecriticalphotoperiodsforfivecultivarsincludingtwonew1アregis-
teredcultivarsandoneofparentcultivaエsinthisstud)r.
MaterialsandMethods
pzαntMαteWiαls
Fiveeveエーbearingsもrawberr)τ(.Frαgα幅α×ananαssaDuch、>plants,`Rabunda'
(bredillNetherlandsandreleasedinl969},`Appelever'(bredinFrance),cNatsu-
akari'(everbearings七rawberry`Summerberry'×June-bearings七rawberry`Kita-n・-
kagayaki',registeredin2007,linename`MoriokaNo.29'〉,`Deco-Rouge'(in七erIne-
diatetypestraw-beエry`Pa]aro'×everbearingstrawberry`MoriokaNo.26',regis-
teredih2007,1inename`MoriokaNo,3r),and`MoriokaNo.26',wereusedinthis
experlment・
aultivαtionanaPhOtOpaeve'oaTreαtment
TheoutlineofcultivationforeachcultivarisshowninTablel.All
cultivarswerecul七ivatedbアthesamemethod.Allplantswerepottedin18-cm-
diameterc玉aアpotsfilledwithmixedsoil(compost:vermiculite:manure=5:3:2,
Table1.Oibtlines(ゾtlUicneltivαttons.
C・lti・… 暑黙 欝P・ む・i・g・T・・n・ferrθd・繍 静 七
RabundaSu㎜eriガOl26Nov.'Ol7Maジ0216Maジ02
AppeleverSum皿erin,0230Aug.-4Sep.℃2180ct■G2240ct.℃2
NatsuakariSu㎜erin℃4Jul.'049Sep.10416Seパ04
Deco-RougeSum皿eril1'0515-16Aug.'05130ct、 ℃5200cb・'05
Mori。kaNo.26Su㎜erin℃615,17Nov.℃622Feb.'078Mar.℃7
z`Rabunda'
,`Appelever',and`MoriokaNo.26'plalltswerepropagatedinthenurserア
fieldofTohokuuniversity.`Natsuakari'and`Deco-Rouge'plantSwereobtained
froln.NationalAgriGulturalResearchCen七erforTohokuRegion.AllplanbSwere
grownunderanurserアfieldunbilpotting.
yAfterpotting
,plantSweregrowninanunheated,natural{laアleng七hglasshouse
(`Rabunda,and{MoriokaNo.26')orinthenurserアfieユd(`Appelever',`NatSuakari},
and`Deco-Rouge').
xPlanもsweretransferredintOtheph)7to七ronsundernaturaldaアlengthatthisdateand
wereacclimateduntiltreatmentsst肛ted.AcclimationGonditionswereasfollQws;
`Rabunda,weretreatedaもdaア(6:00-18:00)/night(18:00-6:00)七emperatureof
25/20℃fornineda)rs,`Appelever'at20/15℃forsixdaアs,`Natsuakari'and`Deco-
Rougθ'at25/20℃forsevendays,and`MoriokaNo26'at20/25℃forsevendays
followedbyat25/20℃forsevendaアs.
wFro皿thisdate
,hightemperatureandpho七〇period七reatments七arted・PIantSwere
grown、in七hephy七〇tronscon七rolledat30/25。CundervariousphotOperiods.Forthe
photx)periods,seeTable2.
十
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v/v/v>.Duringthepotting,3gofcompollndfertilizer(N:P205:K,O=15:15=
15>wasmixedintothesoilineachpot,andanadditionallgofthefertilizerwas
appliedeverytwoweeksafterthestartofthetreatmenb.Plantswereirrigated
onceaday.
Afterpoもting,plantsweregrowninanunhea七ed,naturaldaylengthglass-
house(`Ra『bunda'and`MoriokaNo,26')orinthenuエseryrfield(`ApPelever',
`Natsuakaエi'
,and`Deco-Rouge'〉.Allplantsweretransfeエredtonaturaldayligh七
typephytotronsforthetemperatureandphotoperiod七reatmentS.Datesoftrans-
feエareshowninTablel.Beforehighte皿peratureandpho七〇periodtreatm.ent,
plantsvL・ereacelimatedundernaturaldayligh七.`Rabunda'wasacclimatedatday
(6:00-18:00>/nigh七(18:00-6:00)temperaturesof25/20℃forninedays,
`Appelever'at20/15。()forsixda)rs
,`Natsuakari'and`Deco-Rouge'at25/20。Cfor
sevendays,and`Moriok&No.26}at20/250Cforsevenda)rsfollowedby25/20℃
forsevendays.
Allcultivarsweregrownunder13-,14-,15-,and16-hrphotoperiods.In
additiontothesephotopeエiods,ll-,and12-hrphotoperiodsweresetfor`Rabunda'
and`Appelever'.Allplan.tsweregrownundernaturaldaylightfrom9:00to
l7:00andwerecoveredwithdoublesilverpolyethア1enefil皿fro皿17:00tothe
following9:00,Supplelnentallightwasprovidedwi七h100-Wincandescent
lampsthatirradiated26.0-36.5μmol・s-1・m-21igh七intensitアatthetopofthe
plants.Thesesupplement昌llightperiodswerefrom7:30to9:00andl7:00tO
l8:30for七he11-hr,7:00to9:00andI7:00to19:00forthel2-hr,6:30tO9:00
andl7:00to19:30forthel3-hr,6:00to9:00and17;00t()20:00for七he14-hエ,
5:30t疋)9:00and17:00to20:30forthe15-hr,and5:00to9:00and17:00to
21:00forthe16-hrphotoperiods.`Rabunda'planbSweretreatedfor20weeks,
`Appelever'and`Deco-Rouge'plantsweretreatedfor24weeks,and`NatSuakari'
and`MoriokaNo.26'planbSweretreatedforl6weeks.
Meα8uremθntMetho記S
Atthestartofthehightemperatureandphotoperiodtreatmen七,eachplant
hadafewbranchcrowns,whichwerelnovedsoas七〇leaveonebranchcrownper
plant,Theremainingbranchcrownwasregardedasthemainshoot.Theapices
ofremovedbranohcrownsweredissectedunderastereoscopic皿icmscope,and
flowerbudswereobservedinallapicesirrespectiveofcultivars.
Onceaweekduringthisperiod,thenumberofin且orescenceswi七honeor皿ore
openfioweエs,expandedleaves,generatedrunners,andbranchcrownswascounted,
a1もhoughdataonrunnersandbranehcrownsarenoもshowninthisreport.The
countedinfiorescencesandエunnerswereremoved.To皿easuエethepetiolelengt)h,
weGutofftheleaves4-6weeksaftertheirexpansion,althoughdataonpetiole
lengむharenotshowninthisreport.Averagenumbeエsofcountedleavesan,d
inflorescencesperplantweresummedevery4weeksandareshowninFigureland
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2,respec七ive1)r.Countedinfioエescencesandrunnerswerecutoff.Duringstraw.
berry-cultivationitisusualtOleaveoneortwobranchcエownsandremovethe
rest;inthisexperimentweleftallbranchcrowns.Sevenplantsof`Rabunda',
teガAppeleveガand「Natsuakari',twelve`Deco-Rouge',andeleven「MoriokaNo.
26'plantsweregrownineaGhphotoperiodtreatment.Afewplantsbecame
wiltedduringthetreatment,andthesewiltedplan七swereexcludedfromthedaもa.
Table2showsthenum.berofplantSobservedineachtreatment,
Results
Thenumbersofleavesもhatexpandedduringthetreatmentwereshownin
Table2.TheyvL・eresignificantamongthephetoperiodtreatmentsin`Appeleveゴ
and「MoriokaNo.26'.Thechangesinthenumbersofexpandedleavθsperplanも
duringthephotoperiodtreatmen七areshowninFig,1.Althoughtherewere
significantdifferencesamongthephotopeエiod七rea七mentsinsomecultivars,leaves
expandedcont重nuouslythroughoutthetreatmen七inallcultiva、rsirrespeGむiveof
photoperio(iLLeavesexpandedalmostconstan七1)runderもhell-and12-hrin
`Appelever'andunder七he13-hrin「MoriokaNo.26'.Ontheothθrhand。the
numberofexpandedleavesinthesecul七ivarsunderthelongerphotoperiod
treatmen七sincreasedduringthela七七erhalfof七hetreatment.
Thenumbersofinflorescencesthat且oweredduringthe七reatmen七wereshown
inTable2,Thoseof`Rabunda/wereno七signifiGantamongphotoperiGds.Those
of`Appelever'weresignificantlyhigherullderthelongerpho七〇periods.Thoseof
「Natsuakari'werehigherunderthe16-hrphotoperiodsthanunderthe15-hror
shorterphotoperiods.Thoseof「Deco-Rouge'weエesignificanthigherunderthe
14-,15-,andl6-hrI〕hotoperiodsthanun〔}ertheI3-hrphotoperio(iLThoseof
「MoriokaNo,26'werethehighes七under七hel5-and16-hrphotoperiods,followed
bythe14-hエphotoperio(1,andtheywerethelowestunder七hel3-hエ碧hotopeTiod.
Thechangesinむhenu皿bersofinflorescencesperI)lantduring七hephotoperiod
treatmentareshowninFig.2.Inflorescenceproductioncontinuedthroughout
thetreatmentunderallphotoperiodsin「Appelever'.Thoseinothercul七ivars
stoppedb)rtheendofthetreatmentundersomephotoperio(LThθphotoperiods
underwhichinf玉orescenceproductionsstoppedwerethe16-hrorshorterphoto-
periodin「Rabunda',もhel3-a皿dl4-hrphotoperiodin「Natsuakari',and七hel3-hr
photoperiodin『DeGo-Rouge'and「MoriokaNo.26'.
AfterthephotOperiodtreatmenb,plantSweredissectedundeエamicrosGopeto
observe七hepresenceof且owerbuds.Wefoundnoflowerprimoエdiain`Rabunda'
plantsunderthe16-hrorshorterphotoperiods,in「Natsuakari'1)lantsunderthe13-
and14-hrphotoperiods,orin「Deco-Rouge'and「MoriokaN〔),26'plantSunderthe
l3-hrphotoperio〔1.Moreover,in`MoriokaNo.26',sevenoftenplantshad且ot
initiatedfiowerprimordlaunder七he14-hrphotoperio(1,alもhoughtheothershad
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FIG.1,Effectofphoboperiodon七henumberofexpandedleavθsperplantgrown
at30/25℃.Daむaareshownas4-weekaverages.VerticalbarsrepresentSE.
TheoutlinesoftheeultivationconLditionsforeacheultivarareshowninTable
1,
initia七edflowerbuds.
Theseresult)sshowedthatthecri七icalphotoperiodsfor且oweゴbudinitiaもion
at30/25℃existbetweenthe14-andl5-hTphotoperiodin`Natsuakaエi',わetween
thθ13-andl4-hrpho七 〇periodin`Deco-Rouge',alldbe七ween七he13-andl5-hr
photr)periodin`MoriokaNo.26'.Thatof`Rabunda'isexpeGtedtobelongerthan
l6-hr,and七ha七in`Appelever'isexpectedt}obeshorterthan11-hr.
Discussion
AsshowninpreviousreporbS(Nishiyamaetα1.,2006;Nishiyamaetα 乙,
〆
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161217.5a8.4A
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zPlan櫓weregrownatada)《6:00-18:00)/nigh七(18:00-6:00)七e皿peratureof30/
25℃for20weeks(`Rabunda'),24weeks(`Appelever'and`Deoo-Rouge'),or16weeks
(`NabSuakari'and`MoriokaNo.26').Theoutlinesofthecultiva七ionsforeach
cultivarareshowninTable1.
yDifferentlett}erswibhincul七ivarsandcolumnsindicatesigni且GanceaもP=0.05bア
Tukey-Krameエmultiplecolnparisonstest(smallletters)orSteel-Dwasstest(capital
letters).
24M.」 醐8h吻α呪αetα1.
Rubunda冒IAppelever書
6Ph
。,。P,,i。d働10Ph。t。P,,i。d(h,)
4:にll享鷺
5言にi:享{:x//
2,/1;
一饗 ≦≒ ・ll
OO
w481216204812162024自
畳 咽N・t・・ak・「1Dec・-R・ ・geI
96Ph。 ・。P。,i。d(h,)6Ph。 ・。P,,i。d(h,)め
8「 血r13-■ト14民 ⊂》15一 耳7-16十13イ=ト14-⊂)-15-▽-16
544
8
ゆ マコ
蓮2幸 一 そ21i/㌔ 、
も 雲 ,/で う 癩 、't→1
お,一.τ ・.:、 「 ゴ∈
ρO・0一.
菱14812164812162024
Z電MoriGkaNo
.26'Weeksafterthestartoftreatment
6Ph
otoperiod(hr)
-凸rl3-{=}14⊥
:⇔価ン 〆
.、
0
481216
Weeksafterthestartoft1・eatment
FIG.2.EffectofphotoperiodonthenumberofinflorescenGesperplantgrownat
30/25℃.Dataareshownas4-weekaverages.Ver七icalbarsrepresentSE.
Solidsアmbols:Afterthehightempθratureandphott)periodtreatment,plants
weredissec七edundera皿iGroscopetOobservethepresel1Geof且owerbuds.
PlantShadnotinitiated且owerpエimordiaunderもhesepho七〇periods.Open
symboIs:Infloreseenceproduetioncontinuedthroughoutthetestperiodunder
もhesephotr)periods,Graysyrebols:Afewp/antshadfiowerprimoエdiaatthe
miGrosGopiGobservaむion.Theouもlinesofthecultivationconditionsforeach
cultivarareshownillTable1.
2009),thefiveeverbearingstrawberrycultivarsusedinthisexperimen七werealso
qualitativelong-dayplantswhenthesecultivarsweregrownunderhigh七empera一
七uresuchas30/25.C.Theseearlierstudiesalsoshowedthatthecriもicalphotope一
エiodvariesamongcu1七ivars.Alもhoughflowerbudinitiationwasinhibitedin
`Rabunda'underallpho七
〇periodstes七edin七hisexperiment,thiscu1七ivarwas
repoエもedasalong-dayplant(Smeets,1980).S皿eetSreportedthatthepercentage
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0ffloweringplanbSwashigherunderthe24-hrthanthe8-orl6-hrpho七〇periodat
26℃,Inou.rstudy,temperaturewasalittlehigherthanthatusedinthestudy
ofSmee船(1980),andweexpectedtha七phoもoperiodslongerthalll6-hrwould
induGeflowerbudinitiationat30/25℃.Underthe14-hrphotopeエiod,although
thenumberofinflorescencewasIessthanoneperplantpeエ4-weekperiod,
infloresceneeproductionGontinuedun七iltheendoftreatmentin`MoriokaNo.26'.
FIowerbudsintheseplantShadinitiatedbアthetimeplantsweredissectedaftef
thetTeatment。Becauseofthis,weconcludedtha七thecriticalphotoperiodof
`MoriokaNo
.26'wasprobablybetweenthe13-andl5-hエphotoperiodusedinthe
presentexperimen七,thoughmoreinvestigationisneededtoclarifytheexacttime
thatwouldcomprise七hecエiticalphotoperiodforthiscu1七ivar.
Thereareafewreportsontheeffec七softemperatureand/orphotoperiodon
flowerbudini七iationin`Natsuakari'and`Deco-Rouge',althoughonestudyshowed
tha七thepercentageofflowerin、gplantSwashigherunderthe16-hエphotoperiod
thanunderthe8-hrphotoperiodat20.C(Hamanoetal.,2004).Thisresult
indicatesthatthesecultivarsarequantitativelong-daアplantsunderintermediate
temperature.Thecriticalphotoperiodineverbearingstrawberrycukivarsis
shownonl)・whenplanbSaregrownunderhightempera七ure.
Day-neutralstrawberr)rcultivarsalsohaveacriむicalphotoperiod(Nishiアa皿a
etα乙,2007>.Theresultsoftest)soneveエbearingandday-neutralstrawberr)7
cultivarsindiGatetha七the)Tarequalitativelong-dayplants七ha七cannotbe
distinguishedfro皿oneanotherwhenthe)Tareeultivatedunderhigh七emperature.
Thecritiealpho七〇periodwillbeanindexf6rclassification(Table3).Theindex
willbeusefulinsummercultivation;toinitiate且owerbuds,itisnecessarytO
Table3.thJ(7rerencesincma'tdealphotope7'thaforflonerbudinitiαtfon
am・ng鮮rbθα蜘9αna吻 一neutrαlserαwberry(ntltivars・
CritioalPhotoperio{lsCul七ivars
Shorterthanll-hr`APPelever'
Between12-and13-hr`Miアoshi'2,`Heeker'y
Between13-andl4-hr`Summerberry'x,eOhishi-shikinari'z,`Deco-Rouge',
`Apt・・'y
,`S・lv・'y・M。,i。k。N。 .26,
Between14-and15-hr`Kaho'z,'NatSuakari'
Betweenl5-andl6-hr`Yamato-shikinari'z
Betweenl5-and24-hr`Brighton'y
Between16-and24-hr`Rabunda,
zNishiアamaetα9.(2009).
yDay-neubralcultivars.Nishi)ramaetal.(2007).
xNishiyamaandKanahama(2006)、
26』4.2Vishigαmαetα1,
cultivateplantsunderlongerdaylength七hanthecri七icalphot⊂)茎)eriodorto
cultivatecultivarswhosecri七icalphotOperiodisshorterthannaturaldaylength.
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